The time evolution in a supersymmetric extension of the Kodomtsev-Petviashvilli hierarchy, a classical integrable system, is shown to be Hamiltonian. The canonical bracket associated to the Hamiltonian evolution is the classical analog of the antibracket encountered in the quantization of gauge theories. This provides a new understanding of supersymmetric Hamiltonian systems. *
tively denote them by z = (x, θ). The superderivative operator D = ∂ ∂θ + θ ∂ ∂x satisfies the property D 2 = ∂/∂x. The supersymmetric extension of the KP hierarchy defined by Manin and Radul [3] starts with the super-Lax operator
where,
is the formal inverse of D, that is, D −1 D = DD −1 = 1. The Lax equations
define an infinite number of non-linear evolution equations, with respect to the (bosonic) 'time' t 2n , (n = 1, 2, · · ·), for the superfields u −i , i = 0, 1, · · ·, by comparing the coefficients of D −i . The evolution equations are consistent if and only if the constraint (Du 0 ) + 2u −1 = 0 is satisfied [3] . Time t 2 is easily identified to −x from the observation that (L 2 ) + = D 2 = ∂/∂x. The super KP equation, after setting the fermionic variables to zero, reduces to the original KP equation [3] describing non-linear plasma waves. The equations of the KP hierarchy are well known to admit soliton solutions [1] .
The Lax operator L is Grassmann odd. One can therefore introduce a Grassmann parity for the fields u −i as |u −i | = i + 1 mod 2. Therefore u −i with odd (even) superscript are bosonic (fermionic) superfields respectively.
The hierarchy admits an infinite number of conserved quantities (Hamiltonians) defined by
where, ResL n denotes the coefficient
however, is an anticommutator for which Res is a total derivative [3] implying that H 2m vanish for all m ≥ 1. We therefore obtain non-trivial Hamiltonians H 2m+1 , m ≥ 0, for n = 2m + 1. Whenever applicable, we will impose the constraint (Du 0 ) + 2u −1 = 0, to simplify the expressions.
The equation of motion for the field u i , following from the Lax equation (2) in its second form, can be written as a sum of differential operators acting on the coefficients of (L 2n ) + . Using equation (3), it is easy to express these coefficients in terms of the Hamiltonians:
In the above, the variational derivatives are defined by [3] 
where
Notice that we can only determine the coefficients p j for j = −1, 0, · · · , 2n this way. Fortunately, the Lax equation (2) involves only these.
The evolution of the fields u −i can now be written in the Hamiltonian form
where we have denoted the differential operator by (−1) i+1 {u −i , u −j }, in anticipation of the fact that it leads to a canonical bracket.
The equation (6) does not involve the field u 0 . We can, however, add and subtract the j = 0 term there and rewrite as
. (7) Here we have substituted the explicit form of δH 2n+1 /δu 0 = −p −1 = ResL 2n from Eq.(4). Comparing the Grassmann parity of both sides of the Eq. (6), we see that the bracket {f, g} is fermionic:
Therefore the canonical bracket above cannot be a Poisson bracket. In fact, Eq.(8) is the first property of an antibracket.
It is simple to calculate the canonical bracket between two fields, following the standard procedure of Gelfand and Dikii [1] . The result is
is the delta function, and the superbinomial coefficients n m have been defined in Ref. [3] . It is now straightforward to verify that the bracket above satisfies the following symmetry property
In contrast to the Poisson bracket, the one above is (anti-)symmetric between is pair of bosons (fermions). Between a boson and a fermion, however, it is antisymmetric. Finally, one can also check that the Jacobi identity (−1) (|f |+1)(|h|+1) {f, {g, h}} + cyclic = 0 (11) holds. Eqs.(8,10) and (11) are all the properties that a Batalin-Vilkovisky antibracket satisfies [6, 5] . The canonical bracket derived from Eq. (6) is therefore an antibracket. In summary, we have shown that the evolution equations of the fields in the super KP hierarchy defined by Manin and Radul, can be expressed in a canonical Hamiltonian form. The canonical bracket associated to these nonlinear equations of motion are the classical analog of the Batalin-Vilkovisky antibrackets. This is unlike the Hamiltonian systems known so far, where (a graded generalization of) a Poisson bracket appears in the equation of motion.
An antibracket is known to define a Grassmann odd symplectic structure in a phase space involving anticommuting variables [7] . The canonical equations we have derived therefore also have a natural geometrical interpretation. This generalizes the notion of classical Hamiltonian formalism for systems involving anticommuting fields.
